, although it belongs to the 'R. tropici group', which includes 10 Rhizobium species, R. tropici, R. leucaenae, R. lusitanum, R. multihospitium, R. miluonense, R. hainanense, R. calliandrae, R. mayense, R. jaguaris and R. rhizogenes, represents a novel species. Several morpho-physiological traits differentiated PRF 81
is closely related to R. tropici on the basis of 16S rRNA gene sequence analysis; however, it may be distinguished from R. tropici by phenotypic and genetic characteristics (Hungria et al., 2000; Ribeiro et al., 2009) . A recent comparison of the genome of PRF 81
T to that of R. tropici CIAT 899
T highlighted the high similarity of their symbiotic plasmids, but considerable differences between the rest of their genomes, with low average nucleotide identity (ANI) and in silico DNA-DNA hybridization (DDH) (Ormeño-Orrillo et al., 2012) . High divergence of PRF 81
T from other rhizobial species has also been revealed in the reference proteomic map of this strain (Gomes et al., 2012) and by multilocus sequence analysis (MLSA) (Ribeiro et al., 2009 T was determined previously as 59.9 mol% (Ormeño-Orrillo et al., 2012) , which is within the range reported for Rhizobium (Jordan, 1984) . In extensive common bean and Leucaena spp. rhizobial isolations performed in our laboratory, we have never found other strains showing high similarity with PRF 81 T in rep-PCR profiles; however, we have obtained isolates showing identical or nearly identical profiles to PRF 81 T (.90 % in rep-PCR) in several soils from Brazil (states of Pernambuco, Goiás, Santa Catarina, Paraná, Mato Grosso do Sul, Federal District). Examples of unique rep-PCR profiles obtained in our studies are given elsewhere (Pinto et al., 2007; Stocco et al., 2008) . These isolates possessed sequences identical to PRF 81 T in their 16S rRNA and housekeeping genes (data not shown). This seemed to indicate that PRF 81
T is a member of a broadly distributed Rhizobium clonal group that nodulates common bean as well as leucaenas. Due to its relevant economic importance, we sought to establish the taxonomic position of PRF 81
T as a representative of this group, using a polyphasic approach with data published by us and new evidence obtained in this study.
16S rRNA gene sequences from all Rhizobium type strains were retrieved from the GenBank database and aligned with MUSCLE (Edgar, 2004) . Neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) phylogenies were reconstructed with MEGA (Tamura et al., 2011) using the Tamura-Nei model (Tamura & Nei, 1993) . The 16S rRNA gene sequence of PRF 81
T was part of a clade with bootstrap support of 98 % (Figs 1 and S1, available in IJSEM Online) that included all species of the 'R. tropici group' (Ribeiro et al., 2012) . The 16S rRNA gene sequence identity between PRF 81 T and R. multihospitium CCBAU 83401
T was 100 %, and identity ranged from 98.8 to 99.8 % with the remaining species of the clade (Table  S1 ). It was surprising to find such level of identity with R. multihospitium CCBAU 83401 T , as the similarity between the BOX-PCR profiles of PRF 81 T and R. multihospitium CCBAU 83401
T was lower than 45 % (Fig. S2) . It is known that phylogenetic analysis based exclusively on the 16S rRNA gene often does not reflect the correct taxonomic position of a species (Coenye et al., 2001; Martens et al., 2007; Menna et al., 2009; Wang & Martínez-Romero, 2000) . We tested whether the similarity between PRF 81 T and R. multihospitium also included other parts of the ribosomal (rrn) operon by comparing the sequences of their 16S-23S intergenic spacer (IGS) regions. The available IGS sequences of four R. multihospitium strains were identical to each other (Han et al., 2008) , as were the sequences of the three rrn operons in the PRF 81 T genome (Ormeño-Orrillo et al., 2012) . Interestingly, the PRF 81 T and R. multihospitium IGS sequences were only 76.4 % identical ( Table S1 ), indicating that they may have recombined at their 16S rRNA gene loci at some point in their evolutionary history. PRF 81 T showed the highest IGS sequence identity to R. hainanense (77.5 % to the type strain), while R. multihospitium showed the highest identity to R. tropici (84.1 % to the type strain) (Table S1 ).
An MLSA approach with the recA, atpD and rpoB genes was used to explore the relationships of PRF 81
T and related species further. Sequences were retrieved from GenBank or extracted from the PRF 81
T genome, and phylogenies were constructed as described above for the 
and other
Rhizobium species (the complete phylogram is presented in Fig.  S1 ). GenBank accession numbers are given in parentheses.
Bootstrap support values based on 500 resamplings are shown as percentages at nodes only when ¢60 %. Nodes with adjacent filled circles also had ¢60 % support in a separate maximumlikelihood phylogeny. Bar, 0.005 substitutions per nucleotide position. 16S rRNA gene. In the concatenated-alignment phylogeny, PRF 81 T was grouped with R. tropici, R. multihospitium, R. hainanense and R. miluonense in a subclade with bootstrap support of 99 % (Fig. 2) that was part of a clade that included all species of the 'R. tropici group'. The range of nucleotide identity between described species of this clade, calculated from the concatenated genes, was 85.4-96 % (Table S1 ). Konstantinidis et al. (2006) found that 96 % ANI in concatenated housekeeping genes is equivalent to 70 % DDH. PRF 81
T showed the highest identity with R. hainanense (95.5 % to the type strain), while it showed 95.2 % identity or less to all other species, indicating that this strain is a member of a species different from all others of the 'R. tropici group'. In order to ascertain that PRF 81
T represents a distinct species, DDH experiments were performed using a filter hybridization methodology (Martínez-Romero et al., 1991) to estimate the overall DNA relatedness with type strains of related species. DDH values obtained were lower than 70 % with all type strains tested, including those of R. multihospitium and R. hainanense (Table S2 ), indicating that PRF 81 T represents a novel species.
Comparative phenotypic characterization of PRF 81
T and strains of related species (Table 1) was performed by using previously described methodologies (Hungria et al., 2001; Ribeiro et al., 2012) . All tests were performed in triplicate. Differential phenotypic characteristics are displayed in Table  2 . Additionally, Table S3 shows the differences found between PRF 81 T and well-known symbionts of common bean. It is interesting to observe that PRF 81 T could be easily distinguished from R. tropici, the species in which it is usually classified, from R. multihospitium, which has an identical 16S rRNA gene sequence, and from R. hainanense, which shares 95.5 % ANI. PRF 81 T differs from R. tropici CIAT 899
T in mucus production, colour and morphology of colonies (Table S3) were obtained with the MIDI system using FAME library TSBA6 of a culture grown for 5 days at 28 u C on YM agar plates. The results shown in Table S4 indicate that all strains had summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c) as a major fatty acid, like other Rhizobium strains (Tighe et al., 2000) ; however, differences in the relative amounts of some fatty acids seem to be useful to distinguish the strains. For example, PRF 81 T had significant less C 19 : 0 cyclo v8c than R. tropici CIAT 899
T and R. multihospitium CCBAU 83401
T , and about half the content of summed feature 2 (C 14 : 0 3OH/16 : 1 iso I) compared with R. hainanense I66 T (Table S4 ).
In view of the genotypic and phenotypic data presented here, which clearly indicate the distinctiveness of PRF 81 T in relation to all described species of Rhizobium, we propose to create a separate species, named Rhizobium freirei sp. nov., to accommodate this strain.
Description of Rhizobium freirei sp. nov. Rhizobium freirei (frei9re.i. N.L. masc. gen. n. freirei of Freire, named after Professor João Ruy Jardim Freire, a distinguished Brazilian rhizobiologist).
Cells are Gram-negative, aerobic, non-spore-forming rods. Colonies on YMA medium are circular, convex, rose, opaque and gummy, with moderate production of mucus, and usually 2-4 mm in diameter within 2-3 days of incubation at 28 u C. It acidifies YMA medium after 3 days. It can tolerate 40 u C and grow at pH 4; optimum growth occurs at pH 5-7 and at 25-28 u C. Grows weakly in LB medium and PY minus Ca medium and is sensitive to chloramphenicol (30 mg), streptomycin (10 mg) and tetracycline (30 mg) and resistant to nalidixic acid (30 mg), cephuroxyn (30 mg), erythromycin (15 mg) and penicillin (10 U). As sources of carbon, uses glycerol, erythritol, 
